
1) 

Let’s substitute  

 (   )          ( (      )) 

into the equation 

               

            ( (      ))
     ( (      )) (     ( (      )))(    )
          ( (      ))      ( (      )) 

            ( (      ))      ( (      )) (     ( (      )))
            ( (      ))     ( (      )) 

             ( (      ))      ( (      )) (      ( (      ))
      ( (      ))) 

After substituting derivatives into the equation we get: 

               

So  (   ) satisfies the equation. 

 

2) 

 (     )               

Let’s find the parameterization of the curve. 

    

         

           

   
 
 
(    ) 
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(      ) 

So 

(     )  (
√    
 √ 

 
√      

 √ 
  ) 

Let’s change parametrization so speed at     is  . 

|           |  (
    

 √ √    
)

 

 (
    

 √ √      
)

 

  

 
(    ) 

  (    )
 

(    ) 

  (      )
   

AT     we have: 

       

At point (     ): 

             

                 

Substituting             we have: 

           

              

Solving this with                we have: 

  ( )  
  
 √ 

   ( )  
  
 √ 

   ( )  
  
 √ 

 

Then rate of change of temperature at     is  

        
 
 

(      ) 

So 

(    )  (
√    
 √ 

 
√      

 √ 
  ) 

Let’s change parametrization so speed at     is  . 

|          |  (
    

 √ √    
)

 

 (
    

 √ √      
)

 

  

 
(    ) 

  (    )
 

(    ) 

  (      )
   

At point (     ): 

             

                

Substituting            we have: 

           

              

Solving this with               we have: 

  ( )  
  
 √ 

  ( )  
  
 √ 

   ( )  
  
 √ 

Then rate of change of temperature at     is
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     ( )      ( )      ( )    ( )       ( )

     
  
 √ 

     
  
 √ 

     
  
 √ 

 
  
 √ 

        
  
 √ 

 
   
 √ 

  √   

 

3) 

Let’s compute derivatives of   by new variables. 

  
  

 
  
  

  
  

 
  
  

  
  

     
  
  

     
  
  

  

   
         

   
             

   
    

      
   
    

  
  

       
  
  

      
  
  

 

   
      (    

  
  

     
  
  )

   (     
   
             

   
    

      
   
   ) 

Dividing both sides by    and using expression for   
  

 we have: 

 
  

   
     

 
 
  
  

      
   
             

   
    

      
   
    

Adding last 2 relation we have: 

   
    

 
  

   
     

 
 
  
  

 
   
    

   
    

So 
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So Laplace equation becomes: 

   
   

 
 
  
   
   

 
 
 
  
  
   

 

4) 

(a) 

Operator   is defined on matrices which have the inverse. 

      *(           )|         + 

(b) 

Let’s write F explicitly: 

 (           )  
 

         
 (
     
     )   

(
  

         
  

  
         

  
  

         
 

  
         

) 

Matrix of derivatives: 

  
  
  

 
(         ) 

  

 

 

(

 

        (   )    (   )  (         )      
     (         )  (     )    (   )      
        (   ) (         )    (   )      

 (         )        (   )   (   )      )

 

  
 

(         ) 

(

 
 

                 
                 
                 
                 )
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